To assess whether the level of risk of having significant electrophysiologic abnormalities can be determined, 29 clinical variables were analyzed in 104 patients with unexplained syncope who underwent electrophysiologic testing. A positive electrophysiologic study was defined as: 1) a sinus node recovery time 2:3 seconds; 2) HV interval 2:100 ms; 3) infranodal block during atrial pacing; 4) unimorphic ventricular tachycardia; and 5) supraventricular tachycardia associated with hypotension.
Thirty-one patients had a positive study, with inducible ventricular tachycardia being the most common finding (71% of positive studies). A left ventricular ejection fraction :s0.40 was the most powerful predictor of a positive electrophysiologic study (p < 0.00001), followed by the presence of bundle branch block (p < 0.00003), coronary artery disease (p < 0.00003), remote myocardial infarction (p < 0.00006), use of type 1 antiarrhythmic drugs (p < 0.0003), injury related to loss of In many patients with syncope, a likely cause of loss of consciousness can be identified on the basis of routine clinical evaluation (1-3). However, in a substantial proportion of patients (15 to 50%), the cause of syncope remains unexplained after clinical evaluation (1-3). Electrophysiologic testing has been used to identify potential arrhythmic causes of syncope in these patients. Depending on the patient group and the type of programmed stimulation protocol used, electrophysiologic abnormalities have been identified in 12 to 70% of patients studied (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Because many patients with 65212. © 1987 by the American College of Cardiology consciousness (p < 0.01) and male sex (p < 0.01).
A negative electrophysiologic study was associated with an ejection fraction >0.40 (p < 0.00001), the absence of structural heart disease (p < 0.00001), a normal electrocardiogram (ECG) (p < 0.0001) and normal ambulatory ECG monitoring (p < 0.0001). The probability of a negative study increased as the number and duration of syncopal episodes increased.
The results of electrophysiologic testing could be predicted with a probability (p) value 2:0.99 in 51% of patients who had a negative study and with a probability value 2:0.95 in 52% of those who had a positive study. Therefore, on the basis of clinical variables, a majority of patients with unexplained syncope can be stratified into subgroups with high and low probability of having an electrophysiologic abnormality that is likely to be related to syncope. This allows for more cost-effective use of electrophysiologic studies.
(J Am Coli CardioI1987; lO:358-63) unexplained syncope have a normal electrophysiologic study, identification of patients in whom there is a high probability of finding a likely cause of syncope would allow more costeffective use of electrophysiologic testing.
Although prior studies (6, 9, 12, 14) Patients with documented sustained ventricular tachycardia. high degree atrioventricular (AV) block , carotid sinus hypersensitivity. typical vasovagal or vasodepressor syncope. prolongation of the QT interval, aortic stenosis, hypertrophic cardiomyopathy or symptomatic postural hypotension were excluded. as were patients in whom a tachyarrhythrnia or bradyarrhythmia was documented to he the cause of syncope. All patients underwent a compIetc physical examination. a 12 lead ECG. at least one 24 hour ambulatory ECG recording, neurologic evaluation and electroencephalography. Cardiac catheterization was performed in 60 patients. echocardiography in 44, radionuclide ventriculography in 55. exercise testing in 45 and an endomyocardial biopsy in 5.
Electrophysiologic testing protocol. After giving informed consent, patients were studied in the fasting, unsedated state. All antiarrhythmic drugs were discontinued at least four half-lives before the study. Electrode catheters were inserted percutaneously and positioned in the high right atrium. across the tricuspid valve to record the His bundle electrogram, and in the right ventricle. Surface ECG leads VI, I and III and intracardiac recordings from the high right atrium, His bundle and right ventricle were displayed simultaneously on an oscilloscope and recorded on an Electronics for Medicine VR-16 or Siemens Elema Mingograf 7 recorder. Stimulation was performed with a programmable stimulator (Bloom Associates. Ltd.) at a current strength of twice the diastolic threshold and with a pulse duration of 2 ms.
The fo llowing variables were determined : atrioventricular (AV) node and infranodal conduction times. sinus node recovery time, minimal atrial pacing cycle length with I: I AV node or infranodal conduction and AV node refractory period by the extrastimulus technique. The ventricular stimulation protocol consisted of single and double extrastimuli introduced after six to eight beats of ventricular pacing at two basic drive cycle lengths (usually 600 or 500 rns, and 400 rns) first at the right ventricular apex, then at the outflow tract or septum. If sustained ventricular tachycardia was not induced, programmed ventricular stimulation with triple extrastimuli was performed at the right ventricular apex. then at the second right ventricular site.
Susta ined ventricular tachycardia was defined as ventricular tachycardia > 30 seconds in duration or requiring termination by overdrive pacing or direct current countershock because of hemodynamic compromise. Nonsustained ventricular tachycardia was defined as ventricular tachycardia of six beats to 30 seconds in duration. Induced ventricular tachycardia was classified as unimorphic or polymorphic. as evaluated in leads VI, I and III. The end points of the stimulation protocol were the induction of sustained ventricular tachycardia or ventricular fibrillation, or completion of the stimulation protocol.
Apositive electrophysioiogic study was defined as a study that demonstrated an electrophysiologic abnormality likely to be the cause of syncope. that is, unimorphic ventricular tachycardia. supraventricular tachycardia associated with a fall in systolic blood pressure to < 80 mm Hg supine, a markedly prolonged sinus node recovery time (2 3 seconds), infranodal block during atrial pacing or a markedly prolonged HV interval (2 100 ms).
A negative electrophvsiologic study was defin ed as a study that did not demonstrate an electrophysiologic abnormality likely to be related to syncope. This included an entirely normal electrophysiologic study. supraventricular tachycardia without hypotension. an HV interval of 55 to 99 ms, polymorphic ventricular tachycardia or ventricular fibrillation.
Clinical variables evaluated. 1) Presence and type of heart disease. The presence or absence and type of structural heart disease was determined on the basis of history. physical examination and ECG in all patients, cardiac catheterization in 60, radionuclide ventriculography in 55, echocardiography in 44 . exercise testing in 15 and endomyocardial biopsy in 5 patients.
2) Left ventric ular ejection fraction. Ejection fraction was classified as :s0.40 or > 0 .40. on the basis of contrast left ventriculography in 60 patients. radionuclide ventriculography in 35 and echocardiography in 9. J) fCC abnormalities . Prior myocardial infarction. first degree AV block. bundle branch block, left ventricular hypertrophy and ST-T wave abnormalities were diagnosed by standard ECG criteria.
.:/) Ambulatory ECC monitori ng : All patients underwent at least one (mean 2.3 . range I to 7) 24 hour ambulatory ECG recording. Ventricular premature depolarizations were classified as infrequent «30/min) or frequent (230/min ), and ventricular tachycardia was defined as three or more consecutive ventricular premature depolarizations , 5) Historical aspects . History was analyzed for the following variables: number and duration of syncopal episodes, the presence of prodromal symptoms, injury related to the loss of consciousness and use of a type I antiarrhythmic drug at the time of syncope. The duration of the syncopal episodes was estimated on the basis of responses of the patients and witnesses.
Statistical analysis. The chi-square test for independence was used in the preliminary analysis of the discrete variables. The associations between the individual variables and the results of electrophysio logic testing were assessed using odds ratios and their Cornfeld-Gart 95% confi dence intervals. Differences were considered statistically significant if the probability (p) value was « l.05.
The results from the prediction model were obtained by logistic regression. A stepwise logistic regression computer package was used with large critical levels so that most of the desired prediction variables would be included in the final model . Outcome of electrophysiologic testing was used as the dependent variable. with all variables thought to influence outcome being selected as candidates for indepen- A negative electrophysiologic study was strongly associated with a left ventricular ejection fraction >0.40, absence of structural heart disease, no ventricular ectopic activity during ambulatory monitoring and a normal ECG.
Patients with a negative electrophysiologic study had significantly more syncopal episodes than did patients with a positive study (5.2 versus 2.2, p < 0.0001). All patients who had more than six syncopal episodes or had lost consciousness for >5 minutes had a negative electrophysiologic study.
Models predictive of outcome of electrophysiologic testing. The models predictive of the outcome of electrophysiologic testing with a probability >0.95 are described in Table 5 . The outcome of electrophysiologic testing could be predicted with a probability >0.99 in 37 patients (51%) who had a negative study, and with a probability >0.95 in 16 patients (52%) who had a positive study. dent variables. The output of the computer program gives predicted probabilities for various categories of the independent variables.
Results
The clinical characteristics of the 104 patients in this study are described in Table I .
Results of electrophysiologic testing ( Table 2 ). The outcome of electrophysiologic testing was positive in 30% of patients and negative in 70%.
Clinical and noninvasive variables predictive of outcome of electrophysiologic testing (Tables 3 and 4 ). Univariate analysis demonstrated that a left ventricular ejection fraction 50.40, bundle branch block, coronary artery disease, previous myocardial infarction, presence of ventricular tachycardia on ambulatory monitoring, use of a type I antiarrhythmic drug at the time of syncope, injury caused by syncope and male sex were associated with a positive outcome of electrophysiologic testing. There were no differences in clinical or laboratory findings between patients with inducible ventricular tachycardia and patients with other electrophysiologic abnormalities. An ejection fraction <0.40 was the most powerful predictor of a positive electrophysiologic study. The relative risk ratio of a positive electrophysiologic study was 64: I in patients with an ejection fraction 50.40. 
Discussion
The results of this study demonstrate that a majority of patients with unexplained syncope can be stratified into subgroups with a high probability of having either a positive or a negative electrophysiologic study. Therefore, analysis of simple clinical variables may allow identification of patients with unexplained syncope who are most likely to benefit from an electrophysiologic study and also those in whom an electrophysiologic study is highly unlikely to be of diagnostic value. Invasive electrophysiologic testing may be avoided in the patients with unexplained syncope who fit one of the models predictive of a negative outcome with a probability >0.99.
Criteria for positive and negative outcome. In many prior studies of electrophysiologic testing in patients with unexplained syncope (4-11), all electrophysiologic abnormalities were considered to be a positive result. However, some electrophysiologic abnormalities may either be nonspecific or of uncertain clinical significance. For example, polymorphic ventricular tachycardia can be induced by programmed ventricular stimulation in up to 45% of patients without a documented or suspected history of ventricular tachycardia and may often represent a laboratory artifact when induced in patients with unexplained syncope (9, 12, (15) (16) (17) . Ventricular fibrillation has also been demonstrated to be a nonspecific finding with no prognostic significance when induced in patients with unexplained syncope or ventricular ectopic activity (18, 19) . Therefore, in this study, polymorphic ventricular tachycardia and ventricular fibrillation were not considered to constitute a positive outcome.
An HV interval of 100 ms was considered a significant finding because of a prior study (20) that demonstrated that this degree of HV prolongation is associated with a 25% risk of high degree AV block over a 3 year follow-up period.
On the other hand, the risk of high degree AV block is low when the HV interval is < 100 ms (20) (21) (22) , and therefore an HV interval between 55 and 99 ms was not considered to be a diagnostic finding in this study. The electrophysiologic study was considered positive if there was pathologic infranodal block during atrial pacing, because this finding is predictive of high degree AV block (22) . A mildly prolonged sinus node recovery time and supraventricular tachycardia not associated with hypotension were not considered to constitute a positive outcome, because of the low probability that syncope would result from only a mild degree of sinus node dysfunction or from supraventricular tachycardia not associated with hypotension. Clinical varia bles predictive of outcome. The single most powerful predictor of the outcome of electrophysiologic testing in patients with unexplained syncope was the left ventricular ejection fraction. This reflects the low probability that a serious arrhythmia would be the cause of unexplained syncope in patients without significant left ventricular dysfunction.
No prior studies found a correlation between the number of syncopal episodes and the outcome of electrophysiologic testing. However, patients in prior studies (5, 11, 14) were categorized as having either a single or multiple episodes of syncope . In the present study the probability of a positive electrophysiologic study decreased sharply in patients with more than five syncopal episodes. Only one patient with a positive study had more than five syncopal episodes. Therefore, it appears that a serious arrhythmia such as ventricular tachycardia is unlikely to be the cause of syncopal episodes that are frequent. Although it is recognized that patients with the sick sinus syndrome or the carotid hypersensitivity syndrome may experience frequent episodes of syncope if left untreated, such patients can usually be identified by noninvasive evaluation and therefore are usually not included in a group of patients with unexplained syncope undergoing electrophysiologic testing.
It is also possible that the association between the out-come of electrophysiologic testing and the number of syncopal episodes is related to the severity of syncope . For example, a single syncopal episode that is severe and results in bodily injury might be more likely to lead to referral for electrophysiologic testing than would multiple episodes of syncope not associated with injury.
A history of injury occurring as a result of loss of consciousness was predictive of a positive electrophysiologic study. The propensity to suffer an injury may be due to the sudden onset of severe hypotension, which is more likely to be caused by a serious arrhythmia such as ventricular tachycardia than by vasodepressor syncope, hysterical syncope or neurologic or metabolic causes of syncope.
Almost 50% of patients with a positive electrophysiologic study were being treated with a type I antiarrhythmic drug at the time of syncope. All of these patients had ventricular ectopic activity during ambulatory ECG monitoring and almost all had structural heart disease and a diminished left ventricular ejection fraction, and were therefore likely to be treated with an antiarrhythmic drug by their referring physician. Also, it is possible that in some patients syncope was related to proarrhythmic effects of these agents.
Comparison with prior studies. Most prior studies dealing with the results of electrophysiologic testing in patients with unexplained syncope reported an association be-tween structural heart disease and an abnormal electrophysiologic study (4, 5, 7, 8, 12, 14) . However, the association was not as strong as in the present study, in which 97% of patients with a positive electrophysiologic study had structural heart disease, This is most likely because of our use of more stringent criteria to define a positive outcome. For example, polymorphic ventricular tachycardia, which may be induced in patients without structural heart disease, was considered a significant finding in many earlier studies.
In accordance with our findings, previous studies ( 12, 14) have demonstrated that patients with unexplained syncope who have frequent ventricular ectopic activity are more likely to have a positive electrophysiologic study. Among patients in the present study who had no ventricular ectopic activity during ambulatory ECG monitoring, none had a positive electrophysiologic study. However, because all of these patients had a normal left ventricular ejection fraction and none had structural heart disease, a normal 24 hour ambulatory ECG recording was not an independent variable predictive of the results of electrophysiologic testing.
Limitations. Generally, no invasive study can replace the actual recording of an ECG during an episode of syncope. Because recordings were not available in our patients, it is possible that false positive and false negative results of electrophysiologic testing occurred.
Conclusions. Patients with unexplained syncope can be stratified on a clinical basis into subgroups with a very low and high probability of having a significant electrophysiologic abnormality likely to be related to syncope. Electrophysiologic testing is unlikely to demonstrate a potential cause of syncope in patients who have no structural heart disease, a left ventricular ejection fraction >0.40, no ventricular ectopic activity during ambulatory ECG monitoring or a normal ECG, The presence of all of these variables in a patient with multiple syncopal episodes predicts with a high degree of certainty (>99%) that the electrophysiologic study will be negative and therefore electrophysiologic testing need not be performed in such patients. In contrast, patients with coronary artery disease, an ejection fraction :::;0.40, an abnormal rest ECG (especially bundle branch block) and a history of injury caused by syncope are at high risk (>95%) of having a significant electrophysiologic abnormality and should therefore undergo electrophysiologic testing even if they have had only one episode of syncope.
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